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1 Introduction
In the last RAN2 meetings, measurement issues in CA were discussed and several agreements were achieved [1]. 

- In Rel-10, a UE can be configured with multiple Serving Cells, one per configured CC.

- The Primary Cell (Pcell) is the serving cell on the DL PCC.
- A Secondary Cells (Scell) is a serving cell on a DL SCC.
In [2], the aggregation deployment scenarios are discussed and agreed. In [3], the simulation assumptions are provided. In [4], the initial simulations for mobility in carrier aggregation are given. 
In this contribution, scenarios 1-3 are analyzed but only scenario 3 is evaluated, since scenarios 1, 2 are relative and conclusions seems to be more obvious. From the handover polices and performances of view, RSRP measurement performances, carriers management (CM), SCC measurement issues in CA scenario#3 are analyzed by the means of system simulation. 
2 Basic Simulation assumptions
The following assumptions are used in the simulation. The other assumptions are attached in the Annex 2, which is proposed by [3], and some supplementary parameters are listed in Annex 3.

2.1 L1 measurement scheme for SCC 

Option1: measurement samples spread uniformly across the whole measurement period, and the samples are linearly averaged. 


[image: image1]
        Fig 2.1 L1 measurement scheme 1(S1)
Option2: Measurement samples are taken in a certain-length time window just before the measurement period elapses. Intra-freq measurement rules may be followed in the time window. The simulation results in this contribution are based on scheme 2.


[image: image2]
   Fig 2.2 L1 measurement scheme 2(S2)

For simplicity, schemes 1, 2 are denoted as S1 and S2 respectively.
2.2 Comparison methods for Event A3 
Option1:  HO and Pcell change event is checked once Pcell measurement result is available.


[image: image3]
Fig 2.3 Comparison method 1(CM1)

Option2: HO event is checked once Pcell measurement result is available, while Pcell change is checked only when Pcell and Scell measurement results are available synchronously.

[image: image4]
Fig 2.4 Comparison method 2(CM2)
For simplicity, comparison methods 1, 2 are denoted as CM1 and CM2 respectively. Both CM1 and CM2 are used in the simulation of this contribution.
3 Policy assumption and simulation results

3.1 Handover schemes in different scenarios
There are five CA deployment scenarios are assumed in Rel-10 which are attached Appendix 1. The scenarios #1, #2 and #3 are applicable for FDD UL and all five scenarios are applicable for FDD DL [2]. In this contribution, only scenarios #1, #2 and #3 are mainly discussed. 
In the simulation, A3-PCC is assumed to trigger measurement reporting. The reference cell is Pcell and target object can be any configured/non-configured frequency (frequency needs to have a measurement object). That is to say, in handover procedure, neighboring cells on F1 and F2 can be configured for measurement and compared with the Pcell for handover decision.

In case of scenario #1, the channel qualities of aggregated cells on F1 and F2 are almost the same, while the load could be balanced between cells by eNB. And it is better to perform intra-frequency handover procedure considering the cost of inter-frequency measurement. Thus no inter-freq inter-eNB HO is needed and HO is not impacted by the SCC measurement periods. Aside, from the view of power control, if F1 and F2 are in the same band, there is relatively fixed difference between two path-losses (PL) in F1 and F2, denoted by PL1 and PL2 respectively.  PL2 in SCC may be estimated based on the PL1 in PCC.  Therefore, in scenario #1, the SCC measurement period may be loosened longer.
In scenario #2, the lower frequency F1 has better coverage. And it is better to perform intra-frequency handover procedure on F1. When UE moves to the edge of the cell for handover, if Pcell is configured on the lower frequency F1, inter-freq inter-eNB HO is not needed. In this case, SCC (F2) measurement periods do not impact on HO performances. Likewise, in scenario #2, there is relatively fixed difference between PL1 and PL2 in the overlapped areas too. Thus, the SCC (F2) measurement period may be loosened longer too.
However, the situation in scenario #3 is different from scenario #1 and #2. F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. The channel qualities of aggregated cells on F1 and F2 are quite different in different locations. From the views of HO and power control, the impact of the SCC measurement periods on handover and throughput needs to be evaluated by system simulation.    
3.2 SCC measurement periods impact on HO number
As only measurement scheme2 is evaluated in this contribution, the cases could be classified by comparison methods. For simplicity, the case using CM1 is denoted C1. The case using CM2 is denoted C2. 
For the HO simulation, event A3-PCC is used and detailed parameters are in Annex 2 and Annex 3.  The RSRP distribution is in Annex4.
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Fig 3.1   Inter eNB all HO numbers in C1              Fig3.2  Inter eNB inter freq. HO numbers in C1      Fig 3.3 Inter eNB intra freq. HO numbers in C1
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Fig  3.4 Inter eNB all HO numbers   in C2             Fig 3.5  Inter eNB inter freq. HO numbers  in C2           Fig 3.6 Inter eNB intra freq. HO numbers in c2
Observation 1: Under both C1 and C2 policies, the total inter-eNB HO number is basically not affected by SCC measurement periods. Under C1 policy, more inter -eNB inter-freq HOs happen instead of inter -eNB intra-freq HOs, if SCC measurement is relaxed. Under C2 policy, the tendency is quite opposite.

3.3 SCC measurement periods impact on Cell management

In [3]

 REF _Ref263427941 \r \h 
 \* MERGEFORMAT [4], some assumptions and initial evaluations are provided. We follow the proper policies to perform cell management. 

1) The cell with the best RSRP measurement value is chosen to be the Pcell.

2) Event A3 is configured for Pcell change and the hysteresis is 3 dB.

3) Event A1/A2 is configured for the activation and deactivation of CCs according to the absolute thresholds.
4) The SCC measurement period can be relaxed from 200-3200 ms.
In the simulation, the time percentage for Pcell has best RSRP, etc. For different scenarios, the relaxed SCC measurement periods results in the different performances. Thus, the impacts of SCC measurement periods on cell management in the scenario #3 are evaluated in C1 and C2 respectively. 
3.3.1 SCC measurement periods impact on Pcell change number 
[image: image11.png]9000

Pcell change number(Scenario:3)

8000

7000

6000

I SccMP:200

[ SccMP:600

[ SccMP:1600
I SccMP:3200

SccMP:400

5000

4000

3000

2000

1000

3km/mh 50km/h 120km/h



    [image: image12.png]Pcell change number(Scenario:3)
120

I SccMP:200
I SccMP:400
SccMP:600
100 [ SccMP:800
[1SccMP:1000
[ SccMP:1600
I SccMP:3200

80

60

40

20

3km/ 50km/h 120km/h





Fig 3.7 Pcell change number in C1                                         Fig 3.8 Pcell change number in C2

In case C1, the Pcell change number increases rapidly with measurement period, which means unnecessary Pcell change happens. This is due to history measurement result of SCC is used to choose Pcell and lead to inappropriate Pcell change. In case C2, Pcell change number decreases rapidly as the measurement period is prolonged, this means the status change less frequently.
Observation 2: Under C1 policy, the Pcell change number increases with SCC measurement period, while Under C2 policy, the Pcell change number decreases with SCC measurement period. The difference is purely due to different comparison methods.
Another thing obvious is that for C1 the total Pcell change number is very large compared to C2 case and increases with SCC measurement period. Surely the RSRP of Pcell could not be improved by relaxation of SCC measurement. So the increased Pcell change is due to inappropriate comparison between Pcell and SCC results, which means C1 is not a proper policy.
3.3.2 CDF of time percentage of Pcell staying on best RSRP cell
The time percentage is defined as 
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Fig 3.9 time percentage of Pcell with best RSRP in C1
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Fig 3.10 time percentage of Pcell with best RSRP in C2
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Fig 3.11 time percentage of Pcell with best RSRP in C1
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Fig 3.12 time percentage of Pcell with best RSRP in C2
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Fig 3.13 time percentage of Pcell with best RSRP in C1
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Fig 3.14 time percentage of Pcell with best RSRP in C2
Observation 3:  Under C1 and C2 policies, the time percentage of PCC staying on the cell with best RSRP is basically not impacted by the UE speed and SCC measurement periods. 
3.4 SCC measurement periods impact on RSRP measurement 

As the SCC is loosely measured, the available RSRP measurement results may not represent the actual RSRP during the long period. The CDF of RSRP difference between loosened measurements and 200ms measurements are shown below. Since the SCC is measured by method 2, the RSRP result is accurate at the measurement points, compared to 200ms measurement.
Only one measurement method is simulated in this contribution. The following figures show the impact of different SCC measurement periods.
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Fig 3.15 3kmh SCC RSRP difference CDF for M2
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Fig 3.16 50kmh SCC RSRP difference CDF for M2
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Fig 3.17 120kmh SCC RSRP difference CDF for M2

As we can see, the difference becomes more obvious as SCC measurement period is loosened. As the path-loss of SCC may be used for power control in linked uplink carrier, large difference between measured and actual RSRP may degrade the uplink performance, this could provide the upper limit for the measurement relaxation.

Other thing obvious is that the RSRP difference increases with the UE speed, which implies that the tolerable relaxation is dependent on UE speed, i.e. a longer measurement period can be applied if UE has lower speed and vice versa.

Observation 4:  For measurement method 2, Scell RSRP measurement difference increases with SCC measurement periods and UE speeds. 

3.5 SCC measurement periods impact on UE throughput 
The impact of measurement period on UE throughput is analyzed too. The conclusion is similar with that in [4]. i.e. the SCC measurement period does not have much impact on downlink throughput. But the impact on uplink throughput needs to be analyzed further. As uplink power control of UL carrier uses PL that is derived from the DL carrier it linked to, the relaxation of SCC measurement period may degrade the uplink performance. The relaxation should not result in intolerable uplink performance loss, which also provides an upper limit for the SCC measurement relaxation.
4 Conclusions

The simulation results from the views of handover polices and performances, RSRP measurement performances and carriers management (CM) in scenario 3 are presented in this contribution, trying to provide some initial simulation results and suggestion for simulation start point.
Proposal 1: Comparison method 2 is not appropriate and will result in unnecessary Pcell change as well as inappropriate inter-eNB inter-freq HO and it should be avoided in simulation assumptions.

Proposal 2: With L1 measurement scheme 1 and comparison method 2, Pcell change number is reduced when SCC measurement is relaxed, while no obvious degradation of Pcell channel quality is observed. SCC measurement could be relaxed under these policies and it is proposed that these policies be used as starting point for SCC measurement simulation and the other policies should be researched.

Proposal 3:  The increase of RSRP measurement inaccuracy with longer SCC measurement period may provide the upper limit for SCC measurement relaxation. The detailed threshold for RSRP difference could be studied referring to the requirement in TS36.133.

Proposal 4: The impact of SCC measurement relaxation on uplink throughput performance should also be evaluated to provide an upper limit for the relaxation.
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Appendix

Annex1: CA deployment scenarios for Rel-10 work

	#
	Description
	Example

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	
[image: image23.emf]F1 F2



	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to provide throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	
[image: image24.emf]

	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
	
[image: image25.emf]

	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to provide throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
	
[image: image26.emf]

	5
	Similar to scenario #2, but frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
	
[image: image27.emf]


Annex2 [3]: Basic simulation assumptions
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500 m

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz,   I=119.7 - 800MHz [3GPP TR 25.942]

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 [ ETSI TR 101 112]

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	10 or 20 dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 25 dB 

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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The parameter 
[image: image32.wmf]etilt
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is the electrical antenna downtilt. The value for this parameter, as well as for a potential additional mechanical tilt, is not specified here, but may be set to fit other RRM techniques used. For calibration purposes, the values 
[image: image33.wmf]etilt
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= 15 degrees for 3GPP case 1 and 
[image: image34.wmf]etilt

q

= 6 degrees for 3GPP case 3 may be used. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.

	Combining method in 3D antenna pattern
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	Channel model
	3GPP Spatial Channel Model (SCM) [TR 25.996]

For single transmit antenna evaluations, the Typical Urban (TU) channel model may be used

	Carrier Frequency / Bandwidth
	800MHz or 2GHz/5MHz or 10MHz

	UE speeds of interest
	3km/h, 50km/h, 120km/h

	Total BS TX power (Ptotal)
	43dBm –5MHz carrier,   46dBm - 10MHz carrier

	UE power class
	 23dBm (200mW)
This corresponds to the sum of PA powers in multiple Tx antenna case

	Inter-cell Interference Modeling
	UL: Explicit modeling (all cells occupied by UEs), 

DL: Explicit modeling else cell power = Ptotal

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	
[image: image36]

	Users dropped uniformly in entire cell
	
[image: image37]

	Minimum distance between UE and cell
	>= 35 meters [3GPP TR25.996]


Annex3: Mobility related parameters
	Measurement interval
	50 (ms)

	Measurement period
	200, 400,600, 800,1000 (ms)

	L1 Filtering
	Refer to Section 2.1

	L3 Filtering
	fc4

	Comparing method
	Method1, Method2 

	Pcell change event
	A3 (3dB hysteresis), No TTT

	HO event
	A3 (3dB hysteresis), No TTT

	HO type
	Intra-freq and Inter-freq HO


Annex 4： RSRP distribution 
[image: image38.png]% 10.111.64. 12 ~ EEKE
- 15

—— 800MHz
|—2GHz

i i
-100 -80
RSRP [dBm]

200 S R B C&IEC & s
















SCC





PCC





200ms





200ms





SCC





PCC








PAGE  
1

_1329263407.vsd
�


_1329263409.vsd
�


_1338799037.unknown

_1331975132.vsd
�


_1329263408.vsd
�


_1293735230.unknown

_1329263406.vsd
�

F1


F2



_1274866978.unknown

_1293629706.unknown

_1293629898.unknown

_1282121912.unknown

_1274866650.unknown

